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Introduction {#sec001}
============

The red-crowned crane (*Grus japonensis*) is among the largest and rarest cranes in the world \[[@pone.0229984.ref002]\]. It has great cultural value in China as it is the symbol of luck, longevity and fidelity. Historically, this species was distributed widely in the eastern Asia. However, the range of this species contracted and its population declined greatly over last centuries, reaching lowest number in the 1950s \[[@pone.0229984.ref003],[@pone.0229984.ref004]\]. Although the number of red-crowned cranes is increasing in the recent years due to great conservation efforts, the population size of this endangered species is still low \[[@pone.0229984.ref005],[@pone.0229984.ref003]\]. Red-crowned crane has been listed as first-class national key protected wild animal in China \[[@pone.0229984.ref006]\]. It is also listed as an endangered species by IUCN \[[@pone.0229984.ref007]\]. This species is distributed mainly in five countries: Russia, Mongolia, China, Korea and Japan. The populations in Russia, Mongolia, China and Korea are migratory, while the population in Japan is non-migratory because abundant food is available \[[@pone.0229984.ref008],[@pone.0229984.ref009]\]. The entire migratory population of the red-crowned crane, which is also called continental population, breeds in the Siberia (eastern Russia), northeastern China and northeastern Mongolia (Amur-Heilong River basin) in the spring and summer, from March to September. The largest portion of the continental population inhabits the lower and middle part of Amur-Heilong River basin in China \[[@pone.0229984.ref007],[@pone.0229984.ref006],[@pone.0229984.ref002]\]. The remaining continental population breeds in grass marshlands of the Zeya-Bureya and Middle Amur-Heilong plain, Ussuri River valley, Khanka Lake in the Russian part of the Amur-Heilong River basin \[[@pone.0229984.ref003]\]. In the autumn, the continental population of red-crowned crane migrates to its wintering range, such as Korea and east-central China, to spend the winter \[[@pone.0229984.ref010]\].

The anthropogenic habitat change, such as development of agriculture, urbanization, and conversion of wetland to human-built area, and increasing of captive red-crowned cranes harvested from the wild in China, have caused a significant decline of the population and loss of habitats of the red-crowned crane \[[@pone.0229984.ref002],[@pone.0229984.ref005],[@pone.0229984.ref003],[@pone.0229984.ref004],[@pone.0229984.ref011]\]. As a result, the breeding and wintering ranges of red-crowned crane has been shrunk to a relatively small range ([Fig 1](#pone.0229984.g001){ref-type="fig"}). This species prefers to nesting in wetlands and river floodplains \[[@pone.0229984.ref002],[@pone.0229984.ref012],[@pone.0229984.ref013]\]. The conversion of wetlands to agriculture lands and built areas threats the nesting area of the red-crowned crane \[[@pone.0229984.ref003]\]. In the wintering range, the red-crowned cranes prefer to inhabit in paddy fields, grassy tidal flats, mudflats and rivers, which means that it has very strict habitat preferences \[[@pone.0229984.ref006],[@pone.0229984.ref004],[@pone.0229984.ref014]\]. Therefore, this species is prone to suffer risk from habitat modification and loss resulting from anthropogenic environmental change. In addition to threats from human-induced habitat modification and loss, climate change may further threat endangered species \[[@pone.0229984.ref015]--[@pone.0229984.ref019]\]. Some studies have already showed that birds track their niches by moving along climate change \[[@pone.0229984.ref020]--[@pone.0229984.ref023]\]. Climate change may shift both breeding and wintering ranges of the red-crowned crane out of its current ranges. The possible contraction of breeding and wintering ranges as a result of climate change, and the incapability of the red-crowned crane to track its climatic niche, could threaten future survival of this endangered bird species \[[@pone.0229984.ref024]\].

![Predicted breeding range of the continental population of the red-crowned crane at 2030s, 2050s, 2070s and 2080s \[标注到图上\].\
Blue polygons are the current actual breeding area, green polygons are the predicted potential breeding area under current climate condition, and orange areas are the predicted potential breeding area climate change. Scenario is RCP2.6, low emission scenario.](pone.0229984.g001){#pone.0229984.g001}

It is of societal importance to predict the potential shift of the red-crowned crane's breeding range in the face of climate change. Climate change may cause the loss of effectiveness of the current protected area made mainly for this endangered species \[[@pone.0229984.ref025]\], such as Zhalong National Natural Reserve and Yancheng Biosphere Reserve. In this study, we only consider the breeding range of the continental migratory populations. Policy makers do not necessarily consider the potential effects of climate change on the ranges of endangered species when planning the protection areas for them \[[@pone.0229984.ref026]--[@pone.0229984.ref029]\]. The populations of red-crowned crane may move out of the current protected area designed for it when climate changes, which jeopardizes the effectiveness of the protected area. Because the breeding range of continental population of the red-crowned crane is distributed along the border of China, Russia and Mongolia, climate change may also cause some populations move northward to Russia and Mongolia, which thereby changes the role of each country for preserving this endangered species. Therefore, predicting range shifts of red-crowned crane under changing climate will contribute greatly to policy making process regarding preservation of this endangered species.

Previous studies used ecological niche modeling, which relates the occurrence of a species to environmental variables considered to determine the distribution of this species, to predict the impacts of climate change on global biodiversity of birds \[[@pone.0229984.ref030]--[@pone.0229984.ref032]\]. Ecological niche modeling was also used to predict the geographic distribution of the red-crowned crane under climate change \[[@pone.0229984.ref033],[@pone.0229984.ref034]\]. However, these studies focused mainly on a single country. For example, Wenjun et al. used Maximum Entropy (MaxEnt) \[[@pone.0229984.ref035]\], a powerful and popular ecological niche modeling technique, and a variety of variables to predict the effects of climate change on the breeding range of this species in China \[[@pone.0229984.ref033]\]. It predicted the contraction of the breeding range of red-crowned crane in China. But it failed to provide information on whether Russia or Mongolia gain some potential suitable habitats under changing climate. This limitation makes these studies incapable of providing information to guide the policy making for conserving this important endangered species, especially in the international collaboration setting. Here, we used Maxent \[[@pone.0229984.ref035]--[@pone.0229984.ref037]\], to predict the shift of the breeding range of the continental migratory population of the red-crowned crane under changing climate.

Methods {#sec002}
=======

The breeding range of the continental population of the red-crowned crane is distributed in the Siberia (eastern Russia), northeastern China and northeastern Mongolia (Amur-Heilong River basin) ([Fig 1](#pone.0229984.g001){ref-type="fig"}). However, there is no adequate occurrence point data available at this broad scale for building bioclimatic niche models. We obtained the extent of occurrence polygons of continental population of Red-crowned crane from AMUR-HEILONG RIVER BASIN Information Center (<http://amur-heilong.net/http/03_species/0309Redcrowned_crane.html>). We digitized and georeferenced those polygons using ArcGIS 10.2 \[[@pone.0229984.ref038]\]. We then converted the occurrence polygon data to lattice data to generate the pseudo-occurrence points of red-crowned crane, because Maxent can only use point data. Each point represents a grid of 5\*5 arc-minutes (\~10 km spatial resolution). Andriamasimanana and Cameron also used this kind of data to predict the impacts of climate change on threatened birds in Madagascar \[[@pone.0229984.ref039]\].

There are many environmental factors that determine the geographic distribution of the red-crowned crane, such as food resource, availability of nesting site, vegetation cover, and climate \[[@pone.0229984.ref002]\]. However, the spatial data of most factors are not available at this large scale in our study. Here we only studied the bioclimatic niche of this species using bioclimatic niche modeling. Coetzee et al. used bioclimatic niche modeling to predict range changes in relation to the Important Bird Areas (IBAs) network in southern Africa under climate change \[[@pone.0229984.ref040]\]. We also attempted to assess the effects of the change of bioclimatic conditions under changing climate on the breeding range of this endangered species. The 19 bioclimatic variables used for bioclimatic niche modeling were obtained from WorldClim dataset (<http://www.worldclim.org/>) \[[@pone.0229984.ref041]\]. Bioclimatic variables represent the extreme and general trend of monthly temperature and precipitation ([Table 1](#pone.0229984.t001){ref-type="table"}). This dataset is widely used in predicting distributions of species. The future simulation data of bioclimatic variables was obtained from CCAFS GCM DATA PORTAL (<http://www.ccafs-climate.org/data/>). It is part of the International Centre for Tropical Agriculture (CIAT) and The CGIAR Research Program on Climate Change, Agriculture and Food Security (CCAFS) \[[@pone.0229984.ref042]\]. We chose simulations from General Circulation Models (GCMs) used in IPCC 5^th^ report. For emission scenarios, we used all four representative concentration pathways (RCPs), i.e. RCP 2.6 (low emissions), RCP 4.5 (intermediate emissions), RCP 6 (intermediate emissions), and RCP 8.5 (high emissions). Those four RCPs are named based on how much heating they would produce in the year 2100--2.6, 4.5, 6.0, and 8.5 watts per square meter (W/m^2^), respectively \[[@pone.0229984.ref043]\]. The monthly maximum temperature, monthly minimum temperature and monthly total precipitation from GCMs were statistically downscaled based on delta method. The 19 bioclimatic variables were then calculated from temperature and precipitation variables (<http://ccafs-climate.org/downloads/docs/Downscaling-WP-01.pdf>). For climate model, we chose HadGEM2-ES (Hadley Global Environment Model 2---Earth System), which accounted for more climate change processes and included dynamic vegetation \[[@pone.0229984.ref044]\]. The spatial resolution of both current and future climate data is 5\*5 arc-minutes. The model output from HadGEM2-ES is average on 30 years centered at 2030s (2020--2049), 2050s (2040--2069), 2070s (2060--2089), and 2080s (2070--2099) before downscaling.

10.1371/journal.pone.0229984.t001

###### Bioclimatic variables.

![](pone.0229984.t001){#pone.0229984.t001g}

  Abbreviation   Description
  -------------- ------------------------------------------------------------
  Bio_1          Annual Mean Temperature
  Bio_2          Mean Diurnal Range (Mean of monthly (max temp---min temp))
  Bio_3          Isothermality (BIO2/BIO7) (\* 100)
  Bio_4          Temperature Seasonality (standard deviation \*100)
  Bio_5          Max Temperature of Warmest Month
  Bio_6          Min Temperature of Coldest Month
  Bio_7          Temperature Annual Range (BIO5-BIO6)
  Bio_8          Mean Temperature of Wettest Quarter
  Bio_9          Mean Temperature of Driest Quarter
  Bio_10         Mean Temperature of Warmest Quarter
  Bio_11         Mean Temperature of Coldest Quarter
  Bio_12         Annual Precipitation
  Bio_13         Precipitation of Wettest Month
  Bio_14         Precipitation of Driest Month
  Bio_15         Precipitation Seasonality (Coefficient of Variation)
  Bio_16         Precipitation of Wettest Quarter
  Bio_17         Precipitation of Driest Quarter
  Bio_18         Precipitation of Warmest Quarter
  Bio_19         Precipitation of Coldest Quarter

We used Maximum Entropy (MaxEnt) \[[@pone.0229984.ref035]\], which is one of the most popular and powerful modeling technique for predicting distribution of species \[[@pone.0229984.ref045]\]. For parameter settings, we used default parameter in MaxEnt. We used 10-fold cross validation to assess model performance. Data are divided randomly into 10 subsets with equal sample size. Then nine subsets of the data were used to train model, and the remaining one subset was used to test model performance. We used area under the receiver operating characteristic (ROC) curve (AUC) to assess our model \[[@pone.0229984.ref046]\]. The AUC value ranges from 0 to 1. Higher AUC value means greater discriminant ability of bioclimatic niche model. Model evaluation was performed on the average AUC of the 10 cross validation runs. For each cross validation run, we chose the threshold which maximize the sum of sensitivity and specificity to convert the predicted suitability binary map (presence and absence). This threshold is equivalent to that from maximizing true skill statistic (TSS), which is recommended as a good measure for the performance of ecological niche model when predictions are binary maps \[[@pone.0229984.ref047]\]. We summed together the 10 binary maps from 10 fold cross validation models. We then set the areas where the grid value larger than 5 (i.e. areas where at least 6 models predicted the presence of this species) as the presence area for the continental population of the red-crowned crane.

Variable importance measures the relative importance of environmental variables in determining the distribution of species in a niche model. Two measurements of variable importance can be calculated in MaxEnt software: percent contribution and permutation importance \[[@pone.0229984.ref037]\]. Percent contribution depends on the particular path to get to the optimal solution and a different algorithm could result in different percent contribution values, therefore we did not use it in this study. Permutation importance measure depends only on the final MaxEnt model \[[@pone.0229984.ref037]\]. The importance for each variable is determined by randomly permuting the values of that variable in the training dataset and measuring the resulting decrease in training AUC, and normalized to percentages. A larger decrease indicates that that variable is more important in the model. The ranking of relative importance can help us find out which variables are more important in affecting the distribution of the red-crowned crane, and assessing the potential effects of changing of those variables under climate change on the breeding range of the red-crowned crane.

To assess the effects of human activities in breeding range of the continental population of the red-crowned crane, we used human influence index as an indicator of intensity of human activities. The human influence index was calculated from nine global data layers including human population pressure (population density), human land use and infrastructure (built-up areas, nighttime lights, land use/land cover), and human access (coastlines, roads, railroads, navigable rivers). The dataset is produced by the Wildlife Conservation Society (WCS) and the Columbia University Center for International Earth Science Information Network (CIESIN) (available at <http://sedac.ciesin.columbia.edu/data/set/wildareas-v2-human-influence-index-geographic>). The value of human influence index ranges from 0 to 64, higher value means heavier human activities in this raster cell.

Results {#sec003}
=======

The average test AUC for the 10 fold cross validation runs is 0.943, and the standard deviation is 0.004. The high AUC value means our models can predict the distribution of the breeding range of the continental population of the red-crowned crane very well. The low standard deviation means the performance of 10 models from 10 fold cross validation is consistent. The predicted current breeding range area is much larger than the actual breeding range of the continental population of the red-crowned crane, suggesting that other factors such as food resource, nesting preference and human built area restrict the breeding range of this species ([Fig 1](#pone.0229984.g001){ref-type="fig"}). It is interesting that there are also some suitable breeding areas in the western China and western Mongolia, where is far from the actual breeding area.

The overall spatial patterns of the changes of projected breeding area under all four emission scenarios are very consistent under changing climate (Figs [1](#pone.0229984.g001){ref-type="fig"} and [S1](#pone.0229984.s001){ref-type="supplementary-material"}, [S2](#pone.0229984.s002){ref-type="supplementary-material"} and [S3](#pone.0229984.s003){ref-type="supplementary-material"}). The breeding range of the continental population of the red-crowned crane will expand northward when project onto future climate change scenarios from our bioclimatic niche modeling. The predicted potential breeding range from our bioclimatic niche model would be contracted as climate change (Figs [1](#pone.0229984.g001){ref-type="fig"} and [S1](#pone.0229984.s001){ref-type="supplementary-material"}, [S2](#pone.0229984.s002){ref-type="supplementary-material"} and [S3](#pone.0229984.s003){ref-type="supplementary-material"}). The current actual breeding area is mainly distributed in the center part of Northwest China and along the national border shared by eastern part of Northwest China and Southern Russia. As a result of climate change, the breeding area of continental population would shift to the region along the national border shared by northern part of Northwest China and Southern Russia (Figs [1](#pone.0229984.g001){ref-type="fig"} and [S1](#pone.0229984.s001){ref-type="supplementary-material"}, [S2](#pone.0229984.s002){ref-type="supplementary-material"} and [S3](#pone.0229984.s003){ref-type="supplementary-material"}). The migratory population of the red-crowned crane, therefore, needs to move northward to track its bioclimatic niche. There are still some differences among projections of four emission scenarios. The major difference among predictions under the four emission scenarios is that the predictions of 2030s, 2050s and 2080s under low emission scenario (RCP2.6) are relatively stable. In addition, the predictions of 2030s, 2050s, 2070s and 2080s under two intermediate emission scenarios (RCP4.5 and RCP 6.0) and high emission scenario (RCP8.5) show that the breeding area would move farther north. We only show RCP2.6, the low emission scenario, in the main text ([Fig 1](#pone.0229984.g001){ref-type="fig"}).

The latitudinal pattern of projected breeding area of the red-crowned crane by calculating the number of grid cells in 0.5 arc-degree band demonstrated that the breeding area of the continental population of red-crowned crane shift northward under all four RCPs ([Fig 2](#pone.0229984.g002){ref-type="fig"}). The current actual breeding area of the red-crowned crane distributes from 43 arc-degree to 54 arc-degree and peaks around 50 arc-degree ([Fig 2A](#pone.0229984.g002){ref-type="fig"}). Under the low emission scenario---RCP2.6, the projected breeding areas in 2030s, 2050s, 2070s and 2080s are very similar and peak at 52 arc-degree, suggesting that the breeding area would be stable after 2030s from predictions of our bioclimatic niche model ([Fig 2A](#pone.0229984.g002){ref-type="fig"}). The latitudinal patterns of the projected breeding area under RCP4.5 for 2050s, 2070s and 2080s are similar but the size of breeding area would shrink gradually ([Fig 2B](#pone.0229984.g002){ref-type="fig"}). The breeding area at 2080s under RCP6.0 is peaking at 55 arc-degree. There are two peaks of breeding area at 2080s under RCP8.5, i.e. 52 degree and 56 degree. The accelerating climate change under higher emission scenario will cause the breeding area of red-crowned crane move farther north.

![Latitudinal pattern of predicted breeding range area (Bandwidth = 0.5 degree).](pone.0229984.g002){#pone.0229984.g002}

The total number of grid cells predicted to be breeding area of the continental population of the red-crowned crane under RCP2.6 increases at 2030s, and decreases sharply at 2050s, and then increase slightly ([Fig 3A](#pone.0229984.g003){ref-type="fig"}). The total number of grid cells under the two intermediate emission scenarios--RCP4.5 and RCP6 maintains the similar pattern of change, it increase at the first, and then decreases afterward (Fig [3B and 3C](#pone.0229984.g003){ref-type="fig"}). The grid number of the predicted breeding area under the high emission scenario---RCP8.5, decreases quickly after 2050s to only half of the number under current climate condition ([Fig 3D](#pone.0229984.g003){ref-type="fig"}). The number of predicted grid cells of breeding area of the continental population of the red-crowned crane in both China and Mongolia decreases generally as climate changes over the time periods ([Fig 3](#pone.0229984.g003){ref-type="fig"}). For Russia, the number of grid cells predicted to be breeding area for the red-crowned crane under RCP4.5, RCP6.0 and RCP8.5 increases at first and then decreases under changing climate. The number of grid cells in Russia at the end of this century under RCP 2.6, RCP4.5 and RCP6.0 is higher than the number of predicted grids under current climate condition. However, under the high emission scenario---RCP8.5, it is slightly lower than current prediction. Our results suggest that the high emission scenario has more adverse effects on breeding range of the continental population of the red-crowned crane.

![The number of grid cells predicted to be breeding area of the continental population of the red-crowned crane in China, Russia and Mongolia.\
a. low emission scenario--RCP2.6, b. intermediate scenario--RCP4.5, c. intermediate scenario--RCP6.0, d. high emission scenario--RCP8.5.](pone.0229984.g003){#pone.0229984.g003}

The proportion of predicted breeding area of the continental population of the red-crowned crane in China, decreases at the first and increases afterward under RCP2.6 and RCP4.5, and decreases continuously under RCP6.0 and RCP8.5 ([Fig 4](#pone.0229984.g004){ref-type="fig"}). But the proportion of grid cells under future climate is lower than that under current climate condition in China. The proportion of predicted grid cells in Russia, however, increases at first and decreases afterward under RCP2.6 and RCP4.5, and increases continuously under RCP6.0 and RCP8.5 ([Fig 4](#pone.0229984.g004){ref-type="fig"}). The proportion of grid cells under future climate is larger than that under current climate condition in Russia. Mongolia owns smallest proportion of grid cells of breeding area, and decreases under almost all emission scenarios. Our results revealed that China, which owns the largest breeding area currently, will lose most of its breeding area for the red-crowned crane. Russia, which has the second largest breeding area, will gain more breeding area in the face of climate change and would have the largest breeding area. It also means that Russia would have more responsibility to preserve this endangered species in this century.

![Proportion of breeding area in China, Russia and Mongolia.\
a. low emission scenario--RCP2.6, b. intermediate scenario--RCP4.5, c. intermediate scenario--RCP6.0, d. high emission scenario--RCP8.5.](pone.0229984.g004){#pone.0229984.g004}

We also calculated the proportion of grid cells predicted to be breeding area in the current actual breeding range of the red-crowned crane. The results show that the predicted grid cells suitable for breeding area in current actual breeding range from our model decrease very quickly in the near future under all climate change scenarios ([Fig 5](#pone.0229984.g005){ref-type="fig"}). Under the high emission scenario---RCP8.5 and the intermediate emission scenario---RCP6.0, the red-crowned crane would lose almost all of its actual breeding range at the end of this century. The situation is better under the low emission scenario---RCP2.6 and the intermediate emission scenario---RCP4.5. The continental population of the red-crowned crane would still have approximately 15% of its current actual breeding range at 2080s. At the center of this century, our model predicts the lowest area of suitable breeding area in current actual breeding range under RCP2.6 and RCP4.5. Under the intermediate emission scenario---RCP6.0, the red-crowned crane will still have approximately 30% of its actual breeding range at the center of this century, which suggests that this emission scenario has less adverse effects on this species.

![Proportion of grid cells predicted to be breeding area in the actual breeding range.](pone.0229984.g005){#pone.0229984.g005}

The average of relative importance of variable from our 10 cross-validation bioclimatic niche models shows that the most important variable is bio_15 (precipitation seasonality) ([Fig 6](#pone.0229984.g006){ref-type="fig"}). The AUC value decreases by approximately 30% after removing the effects of this variable in the models. The possible explanation of the highest importance of precipitation seasonality could be that this variable determines the vegetation cover patterns and food resources in this area. The second most important variable is Bio_4---temperature seasonality. The third most important variable contributing to bioclimatic niche models is Bio_13---precipitation of wettest month. The wettest month is the growing season for plant in the breeding range. It is also the breeding period for the red-crowned crane. Therefore the change of precipitation patterns and increasing temperature along with climate change would cause the shift of breeding range of this species.

![Relative importance of variables in bioclimatic niche model.](pone.0229984.g006){#pone.0229984.g006}

The mean value of human influence index in current actual breeding range of the continental population of the red-crowned crane is 14.4 ([Fig 7](#pone.0229984.g007){ref-type="fig"}). The average human influence index in predicted breeding area from our model is slightly higher than that of actual breeding range, which is 14.7. Our bioclimatic niche model predicts a much larger potential breeding area around the current actual breeding range. Because the Northeast China is one of the main grain production regions, and populated 0.107 billion people, the broader climatic-suitable breeding area predicted from our model may suffer from human activities such as urbanization, agriculture production, and habitat degradation. The center part of the Northeast China has many big cities and high population density. These factors restrict the red-crowned crane from inhabiting in all suitable breeding range under current climate condition.

![Average human influence index in actual breeding area and predicted breeding area under climate change.\
(Error bars show 95% confidence interval of average human influence index).](pone.0229984.g007){#pone.0229984.g007}

As a result of climate change, the breeding area of the red-crowned crane will shift northward from current actual breeding range, where the population density is lower than that of current breeding area, and has less agricultural lands. Under the low emission scenario---RCP2.6, the intermediate emission scenario---RCP4.5, and the high emission scenario---RCP8.5, the average of human influence index in the predicted breeding area maintains the similar pattern of change, decreasing quickly and then increasing slightly at the end of this century ([Fig 7](#pone.0229984.g007){ref-type="fig"}). The average human influence index under those three emission scenarios ranges from 7 to 9 at 2080s, much lower than the value in current actual breeding area. However, the average human influence index in breeding area under the intermediate emission scenario---RCP6.0 decreases continuously, and has the lowest value of 6 at the end of this century. This is because our model predicts that the breeding area will shift farther northward, and the main breeding area distributes around 54 arc-degree, where there is less human activity.

Discussion {#sec004}
==========

Our results demonstrated that bioclimatic niche modeling can predict the current breeding range of the continental population of the red-crowned crane very well. The excellent performance of the bioclimatic niche model makes us confident on the reliability of the prediction of future potential breeding range of red-crowned crane under changing climate. However, there are many other environmental factors such as food resource, nesting preference, land use, and land cover, and biotic factors such as competition and predation restrict the red-crowned crane to fill all its climatic niche space. At large spatial scale, the climate is the most important factor shaping the breeding range of the red-crowned crane. Among 19 bioclimatic variables, the temperature seasonality (Bio4) and precipitation seasonality (Bio15) are the top two variables in determining the breeding range of the red-crowned crane. It suggests that the climate change, which results in spatial shift of seasonality of temperature and precipitation, would cause the shift of the breeding range.

There are many threats on the red-crowned crane in the breeding range, and affect the extent of breeding range. The population has been severely declined because of habitat modification, pollution and poaching \[[@pone.0229984.ref004],[@pone.0229984.ref011],[@pone.0229984.ref048]\]. Although the population was slightly increased after implementing the conservation policy made for this endangered species, and building protected area for it, such as Zhalong National Natural Reserve and Yancheng Biosphere Reserve, the population size is still very low, estimated at 2,750 \[[@pone.0229984.ref003],[@pone.0229984.ref049]\]. Therefore it is under severe extinction risk from environmental change, especially the unprecedented climate change. Climate change would cause poleward shift of breeding range of the red-crowned crane. Some studies have already shown that some bird species extend their ranges northwards under climate change \[[@pone.0229984.ref023]\]. Climate change also affected the phenology of the red-crowned crane, which affected the adaptation capacity of this species \[[@pone.0229984.ref050],[@pone.0229984.ref051]\]. Climate change also has indirect effects on the red-crowned crane, for example, one study showed that climate change altered the animal-plant interactions and thereby affected bird and plant communities \[[@pone.0229984.ref052]\]. The effects of climate change on the red-crowned crane and its breeding range, therefore, should be taken into consideration when making preservation policy for this endangered species.

The predicted shift of the breeding range of the red-crowned crane under changing climate from our bioclimatic niche models suggests that China would lose a proportion of the breeding range, Russia would gain some breeding range area. This effect might be overestimated, because the red-crowned crane has adaptation potential to climate change. Our model also neglected other abiotic and biotic factors affecting the breeding range of the red-crowned crane and the prediction accuracy of range shift in the face of climate change. This impact means that the role of conserving this endangered species would be changed, because the proportion of the breeding area in China, Russia and Mongolia would be changed. The area of breeding range in China would be shrunk as climate changes. The effectiveness of the protected area in China, therefore, would be jeopardized in the future. The increasing area of the breeding range in Russia and Mongolia means these two countries would take more responsibility to conserve this endangered species. However, the conservation policy in each country is different and does not necessarily consider the effects of climate change on the breeding range of this species. The international collaboration among the three countries would increase the conservation effectiveness of this species under climate change. Some studies showed that international collaboration can benefit the birds in Europe \[[@pone.0229984.ref053]\].
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To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Bi-Song Yue, Ph.D

Academic Editor

PLOS ONE

Journal Requirements:

1\. When submitting your revision, we need you to address these additional requirements.

Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>

2\. Please include captions for your Supporting Information files at the end of your manuscript, and update any in-text citations to match accordingly. Please see our Supporting Information guidelines for more information: <http://journals.plos.org/plosone/s/supporting-information>.

3\. Thank you for stating in your Funding Statement:

This project was jointly supported by National Key R&D Program of China（2016YFC0502704）

Please provide an amended statement that declares \*all\* the funding or sources of support (whether external or internal to your organization) received during this study, as detailed online in our guide for authors at <http://journals.plos.org/plosone/s/submit-now>.  Please also include the statement "There was no additional external funding received for this study." in your updated Funding Statement.

Please include your amended Funding Statement within your cover letter. We will change the online submission form on your behalf.

4\. Please amend the manuscript submission data (via Edit Submission) to include author Yinlong Zhang.

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: Partly

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: No

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

Reviewer \#3: No

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Liu, Liao, Wu, and Zhang present an interesting and important study on how the breeding range of the red-crowned crane could shift under scenarios of future climate. I find that the manuscript is good overall and should be suitable for publication pending minor revision. The main points that I would like to see addressed follow:

1\) Provide a clearer statement on which statistical downscale method is applied to future climate fields (I assume the delta method), and that the downscale is a derived product from the CCAFS GCM Data Portal (unless you ran the statistical downscaling?).

2\) Provide some justification for choosing HadGEM2-ES instead of a multi-model ensemble mean, or some other individual model (e.g., CCSM4, CESM1). One or two sentences should suffice, ideally with a citation for a study that finds strong realism HadGEM2-ES.

3\) Point 2 alludes to the caveat that different models produce different results. That said, it would be helpful to show the reader additional supplementary figures \-- temperature and precipitation difference maps for HadGEM2-ES minus baseline modern climate for each of the RCPs (2.6, 4.5, 6.0, 8.5) at year 2100 CE. Annual anomalies will suffice (4 temperature anomaly and 4 precipitation anomaly maps). This will at least give the reader a visual depiction of how HadGEM2-ES projects future climate. I suspect the anomaly patterns will reinforce the importance of precipitation as mentioned in the results.

4\) Please also see minor edits in the attached PDF.

Reviewer \#2: The topic of how climate change may affect future potential distributions of species is a very important one, and the authors do well to explore this question for one of the 11 endangered species of cranes. Such an analyses has great value especially given the relatively large distribution of this particular species.

The questions I have relate entire to the modeling technique, and authors require to respond to all of these, and perhaps re-run some analyses to validate some of the responses.

While MAXENT is a great tool for this kind of work, there is a lot of emerging work that shows the default setting of the software to not be optimal. Since the settings and software as not fully explanatory, using MAXENT is in a sense using a blackbox with limited insight into how the final results are achieved. A vast majority of the evaluations make the point that independent models that were more parsimonious usually work much better than the more complex models that are run in MAXENT using a large number of variables.

Also, not being able to use spatially filtered records in this particular case has the potential of violating the model assumptions of representative sampling. Can the authors provide a sound explanation and reasoning for their methodology?

One final, and relatively minor comment is the use of variables many of which are known to be auto-correlated spatially. How do the authors think variable redundancy is affecting their outputs, and why should the final models presented in this manuscript be thought to be robust to variable redundancy?

Reviewer \#3: This is an interesting and important study on a timely subject but the manuscript suffers from multiple factual errors, sub-standard writing, and a lack of sufficient, up-to-date citations. The authors' bioclimatic niche models predict a northward shift of the breeding range of the red-crowned crane under climate change, from China into Russia. They point out that national conservation policies in China and Russia as well as Mongolia differ and currently do not consider the effects of climate change, and that the effects of climate change on the red-crowned crane, therefore, should be taken into consideration in conservation planning and international cooperation.

The range shift modeling appears sound to me, but should be validated by an expert in the modeling methods they used. Once these issues have been addressed, I would recommend publication in PLOS ONE because and the results are important and deserving of a wide audience. However, in order to be eligible for publication in PLOS ONE, the factual errors throughout must be corrected, new or updated citations should be added, and the body text thoroughly revised. In its current form, the manuscript is difficult to read and suffers from outdated or erroneous statements throughout that undermine its credibility.

Below I provide a partial list of some of the factual errors and discrepancies and suggested changes and updated citations. Currently the authors list 26 citations for the paper; this list should be augmented through a thorough, up-to-date use of authoritative scientific literature. Furthermore, I strongly recommend the manuscript be rewritten from beginning to end, ideally with assistance from a native or fluent English speaker, to correct many issues with incorrect grammar and unclear or confusing wording.

If the problems with errors, citations, and language are addressed I believe their findings should be considered for the PLOS ONE homepage because they represent significant impacts to biodiversity from human activity that should be highlighted. Specifically, range shifts under changing climate will necessitate changes to conservation planning and increased international collaboration for this and other endangered species threatened by climate change. As mentioned above, selected specific problems and suggestions appear below. Thank you for the opportunity to review this paper. I would be happy to review a revised draft.

\>\>

In line 51, the authors write "The red-crowned crane (Grus japonensis) is the largest and rarest crane in the world." However, the authors do not provide a citation and according to the Handbook of Birds of the World, this species does not appear to be the tallest crane; both the Sarus Crane and Whooping Crane reach taller maximum heights (176 cm and 160 cm compared to Red-crowned Crane's 152 cm).

This species is also not currently the rarest crane; the Whooping Crane is rarer with population of fewer than 600 individuals compared to Red-crowned Crane's estimated 3000 individuals.

Archibald, G.W., Meine, C.D. & Garcia, E.F.J. (2019). Red-crowned Crane (Grus japonensis). In: del Hoyo, J., Elliott, A., Sargatal, J., Christie, D.A. & de Juana, E. (eds.). Handbook of the Birds of the World Alive. Lynx Edicions, Barcelona: <https://www.hbw.com/node/53564>

Archibald, G.W., Meine, C.D. & Garcia, E.F.J. (2019). Sarus Crane (Antigone antigone). In: del Hoyo, J., Elliott, A., Sargatal, J., Christie, D.A. & de Juana, E. (eds.). Handbook of the Birds of the World Alive. Lynx Edicions, Barcelona: <https://www.hbw.com/node/53557>

Archibald, G.W., Meine, C.D. & Garcia, E.F.J. (2019). Whooping Crane (Grus americana). In: del Hoyo, J., Elliott, A., Sargatal, J., Christie, D.A. & de Juana, E. (eds.). Handbook of the Birds of the World Alive. Lynx Edicions, Barcelona: <https://www.hbw.com/node/53562>

Authors should consult HBW or other up-to-date, authoritative sources to back up their claims. They might rephrase their opening sentence as follows: "The red-crowned crane (Grus japonensis) is among the largest and rarest cranes in the world."

In lines 54-55, the authors state "the range of this species contracted and its population declined greatly over last centuries, especially in recent years." However, according to Archibald et al. (2019; cited in full above) their numbers were lower in the middle of the last century than in recent years, reaching lowest point in the 1950's.

In line 57, the authors state the species is critical\[ly\] endangered as listed by the IUCN, citing the Russian Red Book; the authors should instead cite the IUCN authority directly, which is BirdLife International, where the latest listing shows this species as Endangered, not Critically Endangered: BirdLife International 2016. Grus japonensis. The IUCN Red List of Threatened Species 2016: e.T22692167A93339099. <http://dx.doi.org/10.2305/IUCN.UK.2016-3.RLTS.T22692167A93339099.en>

In lines 72-74, the authors write: "The anthropogenic habitat change, such as development of agriculture, urbanization, and conversion of wetland to human-built area, had caused great decline of the population and loss of habitats of the red-crowned crane in recent years." The citation they provide, while authoritative, is from 1983; the authors should add to this citation with a more recent authoritative one. For example, Archibald et al. (2019), who write, "Loss and degradation of wetlands due to agricultural and industrial development constitute main threat to the species' breeding areas... in the Sanjiang Plain in NE China, and Amur Basin in\... SE Russia."

Archibald et al. (2019) also cite Zhou et al. (2016), who suggest that wild cranes are harvested to supplement the captive-bred population in China, and that this activity is driving population declines:

Zhou, D. et al. (2016). A growing captive population erodes the wild Red-crowned Cranes (Grus japonensis) in China. Avian Research 7: 22

In line 76, the authors state \"This species prefers to nesting in wetlands and rivers."According to Archibald et al. (2019), however, this species nests in wetlands (including "reed, sedge and cat-tail marshes, and extensive bogs and wet meadows") but not rivers, with nests built in relatively deep standing water. The authors should provide a citation for their statements on crane nesting ecology and I suggest removing the reference to nesting in rivers unless the authors can show clear documentation of this.

Likewise, in lines 78-79 the authors write "In the wintering range, the red-crowned crane prefers to inhabit in paddy fields, grassy tidal flats, and mudflats..." but do not mention that this species is known to winter at rivers, as described by Archibald et al. (2019). Again, I suggest checking their habitat statements against updated authoritative sources.

In lines 170-171, the authors state, "We used Maximum Entropy (MaxEnt) \[10\], which is the most popular and powerful modeling technique for predicting distribution of species \[19\]."Because there is no universal measure of "the most population and powerful modeling technique..."authors would better revise this to state to "a powerful, novel modeling technique..."

Later, in lines 420-421, the authors state "The population has been severely declined because of habitat modification, pollution and poaching." The authors should provide citations for this statement. Habitat modification as a threat is supported by Archibald et al. (2019) but other references could be named; the authors should cite evidence of pollution as a threat to red-crowned cranes as well. Zhou et al. (2016), mentioned above, might be used to support the poaching statement; are there other publications that suggest or demonstrate poaching of red-crowned cranes? Archibald et al. (2019) mention other threats to this species include \"overharvesting of wetland resources, human disturbance, intentional setting of fires in breeding areas, and poisoning.\"

In lines 422-424, the authors state, "Although the population was slightly increased after implementing the conservation policy made for this critical endangered species, and building protected area for it... such as Zhalong National Natural Reserve and Yancheng Biosphere Reserve..." Again, the authors need to back up such statements with evidence as provided in citations, and again, this species is not considered critically endangered but endangered by the IUCN. What conservation policies resulted in increases of this species and how was this measured? Where the protected areas mentioned created specifically for red-crowned cranes or were they one of several or many reasons for their creation?

In lines 451-454, the authors state, "The international collaboration among the three countries would increase the conservation effectiveness of this species, for instance, assisted movement of the red-crowned crane from China to Mongolia and Russia..."What do the authors mean by "assisted movement"? Translocation? I recommend taking such suggestions out of this paper unless there is well-documented support for them.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

Reviewer \#3: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Reviewer \#1: Liu, Liao, Wu, and Zhang present an interesting and important study on how the breeding range of the red-crowned crane could shift under scenarios of future climate. I find that the manuscript is good overall and should be suitable for publication pending minor revision. The main points that I would like to see addressed follow:

1\) Provide a clearer statement on which statistical downscale method is applied to future climate fields (I assume the delta method), and that the downscale is a derived product from the CCAFS GCM Data Portal (unless you ran the statistical downscaling?).

We used the downscaled CMIP5 climate data based on delta method. We downloaded the data from <http://www.ccafs-climate.org/data_spatial_downscaling/>. The delta method was described in <http://www.ccafs-climate.org/statistical_downscaling_delta_cmip5/>

2\) Provide some justification for choosing HadGEM2-ES instead of a multi-model ensemble mean, or some other individual model (e.g., CCSM4, CESM1). One or two sentences should suffice, ideally with a citation for a study that finds strong realism HadGEM2-ES.

There are about 28 GCMs available from <http://www.ccafs-climate.org/statistical_downscaling_delta_cmip5/>. We included all four RCPs and future time periods in our study. We also run 10-fold cross validation of MaxEnt. It means that we had to generated about 28\*4\*4\*10 = 4480 prediction rasters if we chose multi-model ensemble mean. It's very time cosuming. So we choose HadGEM2-ES, which was prove to perform well in previous studies:

1\. Evaluation by prediction of the natural range shrinkage of Quercus ilex L. in eastern Algeria

2\. Protecting rare and endangered species under climate change on the Qinghai Plateau, China

3\. Species-specific ecological niche modelling predicts different range contractions for Lutzomyia intermedia and a related vector of Leishmania braziliensis following climate change in South America

4\. Combining Niche Modelling, Land-Use Change, and Genetic Information to Assess the Conservation Status of Pouteria splendens Populations in Central Chile

5\. The impact of climate change on the geographical distribution of two vectors of Chagas disease: implications for the force of infection

3\) Point 2 alludes to the caveat that different models produce different results. That said, it would be helpful to show the reader additional supplementary figures \-- temperature and precipitation difference maps for HadGEM2-ES minus baseline modern climate for each of the RCPs (2.6, 4.5, 6.0, 8.5) at year 2100 CE. Annual anomalies will suffice (4 temperature anomaly and 4 precipitation anomaly maps). This will at least give the reader a visual depiction of how HadGEM2-ES projects future climate. I suspect the anomaly patterns will reinforce the importance of precipitation as mentioned in the results.

We produced precipitation and temperature change maps.

4\) Please also see minor edits in the attached PDF.

Revised accordingly.

Reviewer \#2: The topic of how climate change may affect future potential distributions of species is a very important one, and the authors do well to explore this question for one of the 11 endangered species of cranes. Such an analyses has great value especially given the relatively large distribution of this particular species.

The questions I have relate entire to the modeling technique, and authors require to respond to all of these, and perhaps re-run some analyses to validate some of the responses.

While MAXENT is a great tool for this kind of work, there is a lot of emerging work that shows the default setting of the software to not be optimal. Since the settings and software as not fully explanatory, using MAXENT is in a sense using a blackbox with limited insight into how the final results are achieved. A vast majority of the evaluations make the point that independent models that were more parsimonious usually work much better than the more complex models that are run in MAXENT using a large number of variables.

The author of MaxEnt suggested using default settings. "The use of default settings is justified provided that they have been validated over a wide range of species, environmental conditions, numbers of occurrences, and amounts of sample selection bias" as stated in their paper "Modeling of species distributions with Maxent: new extensions". We admit that different combination of parameters would produce different results, and may get higher model performance index values. The spatial patterns of predictions would not be changed very much and will not change our main results and conclusions.

Also, not being able to use spatially filtered records in this particular case has the potential of violating the model assumptions of representative sampling. Can the authors provide a sound explanation and reasoning for their methodology?

We downloaded occurrence points from GBIF. We also searched occurrence points from other online resources and published literature. We found very limited number of occurrence points in the breeding areas. It's not enough to build niche model. We compared the occurrence points with extent of occurrence polygon used in our study. We found almost all of them were located in the polygons. This amount of occurrence points cannot represent the niche of this species. So we chose the extent of occurrence polygon over the reported occurrence points.

One final, and relatively minor comment is the use of variables many of which are known to be auto-correlated spatially. How do the authors think variable redundancy is affecting their outputs, and why should the final models presented in this manuscript be thought to be robust to variable redundancy?

We admit that collinearity among predictors is a very important issue in modeling. But for MaxEnt, "there is less need to remove correlated variables (unless some of them are known to be ecologically irrelevant)" as stated in MaxEnt author's paper: A statistical explanation of MaxEnt for ecologists.

This model implicitly incorporated the percentage contribution of each variable to the final solution. For a pair of highly-correlated variables, one variable contributes more to the final model, where the other variable contributes negligibly to the model. We validated this by calculating the correlation matrix of 19 bioclimatic variables and relative importance of variables in MaxEnt. Another paper titled "Species distribution modelling using bioclimatic variables to determine the impacts of a changing climate on the western ringtail possum (Pseudocheirus occidentals; Pseudocheiridae)" also found same results.

Reviewer \#3: This is an interesting and important study on a timely subject but the manuscript suffers from multiple factual errors, sub-standard writing, and a lack of sufficient, up-to-date citations. The authors' bioclimatic niche models predict a northward shift of the breeding range of the red-crowned crane under climate change, from China into Russia. They point out that national conservation policies in China and Russia as well as Mongolia differ and currently do not consider the effects of climate change, and that the effects of climate change on the red-crowned crane, therefore, should be taken into consideration in conservation planning and international cooperation.

The range shift modeling appears sound to me, but should be validated by an expert in the modeling methods they used. Once these issues have been addressed, I would recommend publication in PLOS ONE because and the results are important and deserving of a wide audience. However, in order to be eligible for publication in PLOS ONE, the factual errors throughout must be corrected, new or updated citations should be added, and the body text thoroughly revised. In its current form, the manuscript is difficult to read and suffers from outdated or erroneous statements throughout that undermine its credibility.

Below I provide a partial list of some of the factual errors and discrepancies and suggested changes and updated citations. Currently the authors list 26 citations for the paper; this list should be augmented through a thorough, up-to-date use of authoritative scientific literature. Furthermore, I strongly recommend the manuscript be rewritten from beginning to end, ideally with assistance from a native or fluent English speaker, to correct many issues with incorrect grammar and unclear or confusing wording.

We added more citations after literature review. The number of citations become 53 now.

If the problems with errors, citations, and language are addressed I believe their findings should be considered for the PLOS ONE homepage because they represent significant impacts to biodiversity from human activity that should be highlighted. Specifically, range shifts under changing climate will necessitate changes to conservation planning and increased international collaboration for this and other endangered species threatened by climate change. As mentioned above, selected specific problems and suggestions appear below. Thank you for the opportunity to review this paper. I would be happy to review a revised draft.

\>\>

In line 51, the authors write "The red-crowned crane (Grus japonensis) is the largest and rarest crane in the world." However, the authors do not provide a citation and according to the Handbook of Birds of the World, this species does not appear to be the tallest crane; both the Sarus Crane and Whooping Crane reach taller maximum heights (176 cm and 160 cm compared to Red-crowned Crane's 152 cm).

This species is also not currently the rarest crane; the Whooping Crane is rarer with population of fewer than 600 individuals compared to Red-crowned Crane's estimated 3000 individuals.

Archibald, G.W., Meine, C.D. & Garcia, E.F.J. (2019). Red-crowned Crane (Grus japonensis). In: del Hoyo, J., Elliott, A., Sargatal, J., Christie, D.A. & de Juana, E. (eds.). Handbook of the Birds of the World Alive. Lynx Edicions, Barcelona: <https://www.hbw.com/node/53564>

Archibald, G.W., Meine, C.D. & Garcia, E.F.J. (2019). Sarus Crane (Antigone antigone). In: del Hoyo, J., Elliott, A., Sargatal, J., Christie, D.A. & de Juana, E. (eds.). Handbook of the Birds of the World Alive. Lynx Edicions, Barcelona: <https://www.hbw.com/node/53557>

Archibald, G.W., Meine, C.D. & Garcia, E.F.J. (2019). Whooping Crane (Grus americana). In: del Hoyo, J., Elliott, A., Sargatal, J., Christie, D.A. & de Juana, E. (eds.). Handbook of the Birds of the World Alive. Lynx Edicions, Barcelona: <https://www.hbw.com/node/53562>

Authors should consult HBW or other up-to-date, authoritative sources to back up their claims. They might rephrase their opening sentence as follows: "The red-crowned crane (Grus japonensis) is among the largest and rarest cranes in the world."

Revised accordingly.

In lines 54-55, the authors state "the range of this species contracted and its population declined greatly over last centuries, especially in recent years." However, according to Archibald et al. (2019; cited in full above) their numbers were lower in the middle of the last century than in recent years, reaching lowest point in the 1950's.

In line 57, the authors state the species is critical\[ly\] endangered as listed by the IUCN, citing the Russian Red Book; the authors should instead cite the IUCN authority directly, which is BirdLife International, where the latest listing shows this species as Endangered, not Critically Endangered:

BirdLife International 2016. Grus japonensis. The IUCN Red List of Threatened Species 2016: e.T22692167A93339099. <http://dx.doi.org/10.2305/IUCN.UK.2016-3.RLTS.T22692167A93339099.en>

In lines 72-74, the authors write: "The anthropogenic habitat change, such as development of agriculture, urbanization, and conversion of wetland to human-built area, had caused great decline of the population and loss of habitats of the red-crowned crane in recent years." The citation they provide, while authoritative, is from 1983; the authors should add to this citation with a more recent authoritative one. For example, Archibald et al. (2019), who write, "Loss and degradation of wetlands due to agricultural and industrial development constitute main threat to the species' breeding areas... in the Sanjiang Plain in NE China, and Amur Basin in\... SE Russia."

We also added another two citations:

Ma Z, Wang Z, Tang H. History of Red-crowned Crane Grus japonensis and its habitats in China. Bird Conserv Int. 1998; doi:10.1017/S0959270900003592

Claire M. Mirande; James T. Harris. Crane Conservation Strategy. Baraboo, Wisconsin, USA: Minuteman Press; 2019.

Archibald et al. (2019) also cite Zhou et al. (2016), who suggest that wild cranes are harvested to supplement the captive-bred population in China, and that this activity is driving population declines: Zhou, D. et al. (2016). A growing captive population erodes the wild Red-crowned Cranes (Grus japonensis) in China. Avian Research 7: 22

We added the recommended citation and changed the sentence to "The anthropogenic habitat change, such as development of agriculture, urbanization, and conversion of wetland to human-built area, and increasing of captive red-crowned cranes harvested from the wild in China, have caused a significant decline of the population and loss of habitats of the red-crowned crane".

In line 76, the authors state \"This species prefers to nesting in wetlands and rivers."According to Archibald et al. (2019), however, this species nests in wetlands (including "reed, sedge and cat-tail marshes, and extensive bogs and wet meadows") but not rivers, with nests built in relatively deep standing water. The authors should provide a citation for their statements on crane nesting ecology and I suggest removing the reference to nesting in rivers unless the authors can show clear documentation of this.

We changed the sentence to "This species prefers to nesting in wetlands and river floodplains." We also added three relevant references,

Johnsgard PA. Cranes of the World: Japanese Crane (Grus japonensis). Cranes of the World, by Paul Johnsgard. 1983. p. 21.

Curt D. Meine; George W. Archibald. The cranes : status survey and conservation action plan. IUCN, Gland, Switzerland, and Cambridge, U.K.; 1996.

Heim W, Trense D, Sokolova G V., Kitagawa T. Increased Populations of Endangered Cranes After Amur River Flood. Waterbirds. 2017; doi:10.1675/063.040.0309

Likewise, in lines 78-79 the authors write "In the wintering range, the red-crowned crane prefers to inhabit in paddy fields, grassy tidal flats, and mudflats..." but do not mention that this species is known to winter at rivers, as described by Archibald et al. (2019). Again, I suggest checking their habitat statements against updated authoritative sources.

We added two relevant references,

SU L, ZOU H. Status, threats and conservation needs for the continental population of the Red-crowned Crane. Chinese Birds. 2012;3: 147--164. doi:10.5122/cbirds.2012.0030

Liu C, Jiang H, Zhang S, Li C, Hou Y, Qian F. Multi-scale analysis to uncover habitat use of red-crowned cranes: Implications for conservation. Curr Zool. 2013;59: 604--617. doi:10.1093/czoolo/59.5.604

In lines 170-171, the authors state, "We used Maximum Entropy (MaxEnt) \[10\], which is the most popular and powerful modeling technique for predicting distribution of species \[19\]."Because there is no universal measure of "the most population and powerful modeling technique..."authors would better revise this to state to "a powerful, novel modeling technique..."

We changed the sentence to "For example, Wenjun et al. used Maximum Entropy (MaxEnt) \[35\], a powerful and popular ecological niche modeling technique, and a variety of variables to predict the effects of climate change on the breeding range of this species in China \[7\]."

Later, in lines 420-421, the authors state "The population has been severely declined because of habitat modification, pollution and poaching." The authors should provide citations for this statement. Habitat modification as a threat is supported by Archibald et al. (2019) but other references could be named; the authors should cite evidence of pollution as a threat to red-crowned cranes as well. Zhou et al. (2016), mentioned above, might be used to support the poaching statement; are there other publications that suggest or demonstrate poaching of red-crowned cranes? Archibald et al. (2019) mention other threats to this species include \"overharvesting of wetland resources, human disturbance, intentional setting of fires in breeding areas, and poisoning.\"

Revised accordingly.

We also added another reference,

Sun K-J, Hijikata N, Ichinose T, Higuchi H. The Migration Flyways and Protection of Cranes in China. Global Environmental Research ©2015 AIRIES. 2015.

In lines 422-424, the authors state, "Although the population was slightly increased after implementing the conservation policy made for this critical endangered species, and building protected area for it... such as Zhalong National Natural Reserve and Yancheng Biosphere Reserve..." Again, the authors need to back up such statements with evidence as provided in citations, and again, this species is not considered critically endangered but endangered by the IUCN. What conservation policies resulted in increases of this species and how was this measured? Where the protected areas mentioned created specifically for red-crowned cranes or were they one of several or many reasons for their creation?

Zhalong National Natural Reserve was created mainly for cranes. It is the largest breeding ground for the Red-crowned cranes. There are about 1/5 of them in the world living in Zhalong.

We also added a reference which studied the population dynamics of red-crowned crane in the bread areas.

Fawen QIAN Guohai YU, Youzhong YU, Jun YANG, Siliang PANG, Renzu PIAO HJ. Survey of breeding populations of the Red-Crowned Crane (Grus japonensis) in the Songnen Plain, northeastern China. Chinese Birds. pp. 217--224.

In lines 451-454, the authors state, "The international collaboration among the three countries would increase the conservation effectiveness of this species, for instance, assisted movement of the red-crowned crane from China to Mongolia and Russia..."What do the authors mean by "assisted movement"? Translocation? I recommend taking such suggestions out of this paper unless there is well-documented support for them.

We deleted "for instance, assisted movement of the red-crowned crane from China to Mongolia and Russia".
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